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Theory of Reaction Kinetics
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Limitations of Modern Optical Spectroscopy

* In situ characterisation 1s dominantly done by optical pump probe
spectroscopy.

* Geometrical information of electronically excited states 1s not
directly accessible via optical spectroscopy (missing rovibrational
energy resolution in particular for the liquid and the solid state).

» Geometrical information is generated via computational
methods and simulated optical signals are compared with
experimental results.



Experimental Method: Pump Probe Set-up

« Apparatus for liquid phase and solid state work
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In situ Characterisation of a Chemical Reaction.....
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In situ Characterisation.... as seen by X-FEL Pulses
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In situ Char acterisation.... as seen by Pulses of the

Synchrotron of the 3" Generation
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A\ = wavelength;

0 = angle of incidence;

d = distance between 2
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Jth atom of the unit cell; x;; y;’z; = coordinates of the atom j;

f= atomic scattering factor
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Structural Relaxation: Vo =V motee

Intramolecular Order / Disorder Phenomena

Renaissance: photochemistry in organic solids / organic materials
e Synchrotron: structure determination,
 Optoelectronical devices, H3C_ CHj

* Photovoltaic. N
+ hv N~ E}ﬁ 1charge transfer ?
C
N CoN

oN,H
* In plants: UV absorbing component in petals,
* In optics: Laser dyes, nonlinear materials,
* In optoelectronics: molecular switches or diodes,
organic light emitting diodes (OLEDs) / organic transistors,
* In medical applications: cation sensors, cell labeling,
reference for fluorescing amino acids in proteins.



Powder Diffraction of DMABN
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Diffraction Intensity Difference Maps

* Difference map for t = (80 ps) — (— 240 ps) - Integrated Bragg intensity = f (t)
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Structural Changes of DMABN 1n Time

Inversion

J.

mv

r 4 <f tors> <qinv> Occ R(Wp)
[K] [ps] [deg] [deg] [%] [%]

301 static O 10 100  7.90

293 static 0 12 100 4.31

173 static 8 7 100  4.37
Brown et al., Heine et al. Acta Cryst. BS0 1994

298 240 0 13 100 6.40
80 9.5 3 26 4.89

240 8 6 30 5.25

470 6 9 22 4.80

1500 0 14  (10) 6.90
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Order-Disorder Phenomena
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Photo-Induced Order-Disorder Phenomena
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Topochemistry: Mechanism
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Change 1n Optical Signal
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Timing Scheme for Irreversible Reactions
Dt =50 ps
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Time Evolution of the Correlation Function
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Difference map

- Difference map for t =200 ps — 0 ps
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Suggested Mechanism
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